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7KLVLVZKDWLVFDOOHGFDOOGHVLUHOLQHDOVRNQRZQDVKXPDQSDWKZD\VRUSHGHVWULDQWUDLOV±ZD\VWKDWDUHDFRQVHTXHQFH
RIHURVLRQRQRSHQXQSDYHGSODFHVFDXVHGHJE\SHGHVWULDQV)URPWKHVWXG\RI WKHVHZD\VZHFDQJDLQDEHWWHU
XQGHUVWDQGLQJRIKXPDQQDWXUHDQGQDWXUDOEHKDYLRXULQWUDIILF
,WLVWRPHQWLRQWKDWWKHVHGHVLUHOLQHVDUHKDUGWRIRUHFDVW9HU\RIWHQUD]RUVKDUSVRPHWLPHVEOXUUHGWKHGHVLUH
OLQHVEUHDNWKURXJKDUHDVLQWKHZD\WKHXVHUVZDQWLWQRWWKHSODQHU)LJD
0DNLQJXVDJHRIWKLVSKHQRPHQRQLVQRWFRPSOHWHO\QHZLQWKHVRFDOOHG6FDQGLQDYLDQVLGHZDONEXLOGLQJPHWKRG
WKHSHGHVWULDQVVHWRXWWKHEHVWURXWHVWKHPVHOYHV±E\GHVLUHOLQHV7KHVHDUHODWHUSDYHGWRJDLQDOOZHDWKHUSDVVDEOH
ZDONV$VHWWOHPHQWLQ0DOP|ZKLFKZDVEXLOWWKDWZD\FDQEHVHHQRQ)LJE

 
)LJ'HVLUHOLQHVDSXEOLFSDUNDXWKRUVRZQEVHWWOHPHQWLQ0DOP|*RRJOHPDSV>@
,ILWZHUHSRVVLEOHWRHVWLPDWHWKHGHVLUHOLQHVZHFRXOGJHWDGHHSHULQVLJKWLQWRKXPDQEHKDYLRXUDQGHYHQJHWWKH
SRVVLELOLW\WRJDLQDWRROIRUEXLOGLQJIULHQGOLHUDQGVXVWDLQDEOHHQYLURQPHQWVOLNHRUQHDUO\OLNHWKH6FDQGLQDYLDQ
VLGHZDONV
1.1. Other approaches and the concept of stress analogy 
$VHULHVRILQYHVWLJDWLRQVDERXWGHVLUHSDWKVLVDYDLODEOHLQIRUPHUVWXGLHV2QHZHOONQRZQSURSHUW\RISHGHVWULDQ
PRYHPHQWVLVWRSRLQWRXWWKHQH[WODQGPDUNDQGWRWU\WRUHDFKLWE\DOLQHDVVWUDLJKWDVSRVVLEOH7KLVLVDUJXHGE\
ERWK.QRIODFKHU>@ DQG$OH[DQGHUHWDO>@2QHFDQVWDWHWKLVLVJHQHUDOO\WUXHEXWPDQ\GHYLDWLRQVFDQEHVHHQDQG
LW LV XVHIXO WR NQRZZK\ +HOELQJ¶V LQYHVWLJDWLRQV VKRZHG IXUWKHU SURSHUWLHV RI KXPDQ SDWK IRUPDWLRQ >@ ,W LV
LPSRUWDQW WRPHQWLRQ WKDW SDWKZD\V RFFXUZKHUHPRUH SHRSOH FKRVH GRZQULJKW WKH VDPH URXWH WLPHVKLIWHG DQG
LQGHSHQGHQWRIHDFKRWKHU3LW]>@7KLVHIIHFWZDVDOVRREVHUYHGE\WKHDXWKRUV
,Q VWXGLHVRI >@ DQG >@ WKHDXWKRUVRXWOLQHGDQDQDORJ\PHWKRGEDVHGRQ VWUHVV WUDMHFWRULHVRIEL
GLPHQVLRQDO VKHOO VWUXFWXUHV ORDGHG E\ VWDWLF IRUFHV 7KH WUDMHFWRULHV VKDUH LPSRUWDQW TXDOLWLHVZLWK WKH URXWHV RI
SHGHVWULDQV,QFDVHVFURZGVKDYHEHHQH[FOXGHGZKRZRXOGHIIHFWLQIOXHQFHRUHYHQSXVKHDFKRWKHU
7KHRU\DQGDQDO\VLVZLWKILQLWHHOHPHQWPHWKRG
7KHFRQFHSWRI WKHVXJJHVWHGDSSURDFKFDQEHGHVFULEHGDVIROORZV WKHHVVHQWLDOVWHSLV WRVXEVWLWXWH WKHH[DFW
JHRPHWU\RIWKHH[DPLQHGDUHDLQDPRGHOE\DVKHOOVWUXFWXUHRIRQHXQLWWKLFNQHVVZKLFKLVH[DPLQHGE\DILQLWH
HOHPHQW SURJUDP 7KH SHUVRQZKRZDQWV WR JHW RYHU WKH DUHD DFWV DV D ORFDO IRUFH RQ WKH SHULPHWHU WKH WDUJHW
GHVWLQDWLRQRIWKHSHUVRQLVUHSUHVHQWHGE\VXSSRUWPHPEHU'LIIHUHQWUHVLVWDQFHVRIGLIIHUHQWVXUIDFHVDUHUHSUHVHQWHG
E\ SURSRUWLRQDO VWLIIQHVV QDPHO\ HODVWLFLW\ PRGXOL (PRGXOL 7KH EHWWHU WKH SDYHPHQW TXDOLW\ WKH KLJKHU WKH
UHSUHVHQWLQJ(PRGXOLQWKHPRGHO7KXVXQUHDFKDEOHDUHDVOLNHEXLOGLQJVZDOOVHWFKDYHWREHUHSUHVHQWHGE\HPSW\
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DUHDVJRRGTXDOLW\VXUIDFHVE\KLJKVWLIIQHVVPDWHULDOV7KLVZD\DEHWWHUVXUIDFHDWWUDFWVPRUHWUDIILFLQWKHPRGHO
ZKLFKLVWKHPDWWHURIIDFWDOVRLQUHDOOLIH
$VDUHVXOWSULQFLSOHVWUHVVWUDMHFWRULHVDUHJHQHUDWHGDWHDFKSRLQWZKLFKVKRZWKHGHVLUHGGLUHFWLRQRIWKHSHUVRQ
ZLWK JRRG DFFXUDF\ 7RJHWKHU ZLWK WKLV HIIHFW WKH VWUHVV YDOXHV DOVR DOORZ GHULYDWLRQV RI WKH H[SHFWHG WUDIILF
SUREDELOLWLHVRYHUDWUDQVYHUVDOVHFWLRQDVWKHYHFWRULDOVXPRIIRUFHVPXVWPHHWWKHHTXDOLW\FULWHULD
2.1.  Fundamental investigation of parameters 
)RUWKHDSSUR[LPDWLRQRIFDOFXODWLRQSDUDPHWHUVVRPHDUFKHW\SLFDOPRGHOVKDYHEHHQVHWXSWRHVWLPDWHWKHLUURXJK
YDOXH ,QHDFKPRGHOZH IRFXVHGRQRQHSDUDPHWHU DOORWKHUVZHUH UHOHDVHG IURP WKHHIIHFW7KLVZD\ IROORZLQJ
HOHPHQWVZHUHLQYHVWLJDWHG
x WKHPRGXOXVRIHODVWLFLW\WKHKLJKHUWKHTXDOLW\RIWKHVXUIDFHWKHKLJKHUUHODWLYHPRGXOXVVKRXOGUHSUHVHQWLWLQ
WKHPRGHO
x WKHGHJUHHVRIIUHHGRPUHVWULFWLQJWUDQVYHUVDOPRYHPHQWVWRHOLPLQDWHEHQGLQJHIIHFWV
x WKHQHJDWLYHHIIHFWRIVKHDUWRPRGHOOLQJELJWUDQVYHUVDOFXWEDFNVKDYHEDGLQIOXHQFH
x WKHSRVVLELOLW\RIRUWKRWURS\ZLWKULJKWSDUDPHWHUVWKHGULIWLQJRISDVVHQJHUVFDQEHVHW

7KHIXOOGHWDLOVRIWKHVHWHVWVFDQEHIRXQGLQ>@
2.2.  Practical implementation 
%DVLFDOO\ WKHPRGHOKDV WREHGRQH LQ WKHILQLWHHOHPHQWSURJUDPDVDSODLQELGLPHQVLRQDOVKHOOVWUXFWXUH$V
PHQWLRQHGLQVHFWLRQWKHPRGHOVKRXOGEHGRQHLQVFDOH7KHVKHOOWKLFNQHVVLVFKRVHQWRFP)RUSUDFWLFDO
UHDVRQVWKHGLUHFWLRQKDVWREHWXUQHGLQVXFKDZD\WKDWWKHGHJUHHVRIIUHHGRPFDQEHVHWFRUUHFWO\$WHDFKWHVWUXQ
RQHKDVWRYDOLGDWHWKHPRGHORQFHDJDLQ$WWKLVUHVHDUFKVWDJHWKHYDOLGDWLRQSDUDPHWHUVVWLOOVKRZVRPHIDLUYDULDQFH
,QWKHIHDWXUHGFDVHVWXG\IROORZLQJSDUDPHWHUVKDGWREHXVHGWRJDLQFRUUHFWUHVXOWV
7DEOH3DUDPHWHUVXVHGIRUWKHPRGHOLQWKHGLVFXVVHGFDVHVWXG\
SDUDPHWHU (\(\>03D@
(PRGXOHRIDVSKDOWSDYHPHQW 
(PRGXOHRIVKRUWFXW 
(PRGXOHRIODZQ 
3RLVVRQ¶VUDWLR 

$WWKHHYDOXDWLRQRIWKHVWUHVVHVDWKUHVKROGRIKDVEHHQDSSOLHGZKLFKPHDQVWKDWVWUHVVHVORZHUWKDQ
RI WKH LQLWLDOVWUHVVZHUHFXWRII7KLVHOLPLQDWHVQRWRQO\LQVLJQLILFDQW LQQHUVWUHVVHVEXWDOVRSHULPHWHUGHYLDWLRQ
HIIHFWVWKRXJKZKLFKWKH\KDYHDWUDMHFWRU\LQWKHPRGHOEXWZKLFKDUHQRWUHDOLVWLFLQPHDQVRIUHDOWUDIILF
2.3.  Case study of “Stadlau” 
7KHH[DPLQHGDUHDLVLQWKH*HZHUEHSDUN6WDGODXZKLFKLVDVXEXUEDQVKRSSLQJORFDOLW\LQWKHQRUWKHDVWSDUWRI
9LHQQD$SODFHZDVH[DPLQHGZKHUHWKHEXLOGLQJVDQGVLGHZDONVZHUHDUUDQJHGLQDZD\WKDWSHGHVWULDQVDUHIRUFHG
WRWDNHDVHULHVRIGHJUHHWXUQV$VDUHVXOWGXULQJWKH\HDUVWKHJUHHQWUDIILFLVODQGKDVGHYHORSHGDVLJQLILFDQW
SHGHVWULDQVKRUWFXW7KHVLWHRYHUYLHZFDQEHVHHQRQ)LJDWKHFORVHYLHZRIWKHLVODQGZLWKWKHVKRUWFXWRQ)LJE
7KHEOXHGRWWHGOLQHUHSUHVHQWVWKHSURSRVHGZD\WKHUHGGDVKHGWKHHYROYHGVKRUWFXW

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 
)LJ&DVHVWXG\DUHDDOD\RXW>@EYLHZ

'XULQJWUDIILFFRXQWVDWWKHVLWHFDUULHGRXWLQ0DUFKLWFRXOGEHUHJLVWHUHGWKDWURXJKO\RIWKHSHGHVWULDQ
WUDIILFWRRNWKHVKRUWFXW7KHUHPDLQLQJZHUHGLVWULEXWHGIROORZLQJDERXWXVHGWKHVLGHZDONLQFOXGLQJD
IHZZLWKEDE\EXJJLHVVRPHZKHHOFKDLUXVHUVHWFZKRWRRNRIFRXUVHWKHVLGHZDON$OVRVRPHUHPDLQLQJSHUFHQW
RISHRSOHWRRNVSHFLDOXQLTXHURXWHVHJEHWZHHQFDUV,WLVWRQRWLFHWKDWPRVWRIWKHFDUVVWRRGTXLWHFORVHWRWKH
UHDUERUGHURISDUNLQJORWV
2QHSUREOHPGXULQJWKHPRGHOOLQJZDVWKDWWKHH[DFWSRVLWLRQRISDUNLQJFDUVLVDVXEMHFWWRDOWHUDWLRQ7KHVL]HRI
HDFKFDUW\SHLVDOVRGLIIHUHQW:HWULHGWRHOLPLQDWHWKLVE\DSSUR[LPDWLQJDQDYHUDJHFDUDWDYHUDJHSRVLWLRQEXW
VRPHUHPDLQLQJXQFHUWDLQW\ZDVOHIWGXHWRWKHVHSDUDPHWHUV,QWKHUDUHFDVHWKDWWKHUHDUHRQO\VRPHFHQWLPHWUHVOHIW
DWWKHHQGRIWKHORWWKLVZLOOVXUHO\SUHYHQWDQ\PRWLRQRISHRSOHWKHUH
7KHPRGHODUUDQJHPHQWFDQEHVHHQRQ)LJ



)LJ0RGHODUUDQJHPHQW
7KHRXWFRPHVRIWKHFXUUHQWVWDWHDUHYLVLEOHRQ)LJE7KHUHGWUDMHFWRULHVUHSUHVHQWPRGHUDWHVWUHVVYDOXHVZLWK
DFFRUGLQJSULQFLSOHVWUHVVGLUHFWLRQWKHEOXHRQHVUHSUHVHQWWKHSHDNVDQGWKHGRWWHGRQHVWKHVWUHVVXQGHUWKHWKUHVKROG
OLPLW
7KHDOUHDG\HYROYHGSDWKFDQEHVZLWFKHGRQDQGRIILQWKHPRGHOE\DGMXVWLQJ(PRGXOHV7KLVZD\WKHLQLWLDO
VWDWHZLWKRXWSDWKFDQEHDOVRVLPXODWHGDVLVVKRZQLQ)LJD
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 

)LJ5HVXOWSULQWVDDVVXPLQJQRVKRUWFXWLQLWLDOVWDWHEFXUUHQWVWDWH
$QLQYHVWLJDWLRQRIWKHHIIHFWRIGLIIHUHQWFDUSRVLWLRQVLV\HWWRFRPHDOWKRXJKWKLVUHTXLUHVDVHULHVRIPRGHOV
LQFOXGLQJFRUUHVSRQGLQJWUDIILFFRXQWVZKHUHFDUVVWDQGULJKWDWWKHSRVLWLRQRILQWHUHVW
5HVXOWVDQG'LVFXVVLRQV
:HFDQVWDWHWKDWWKHPRGHOOLQJPHWKRGSURYLGHGDGHTXDWHUHVXOWVIRUWKHWHVWDUHDLQ9LHQQD7KHSDUDPHWHUVKDG
WREHDGMXVWHGWRPDNHWKHPRGHOYDOLGDWLRQZLWKWKHUHDOOLIHUHVXOWV
,QWKHSUHVHQWFDVHWKHSDWKLVDOUHDG\WKHUHWKHVKRUWFXWSURYLGHVDIDLUVXUIDFHTXDOLW\7KLVSXVKHVLPPHGLDWHO\
PRUHSHRSOHWRXVHLWWKDQLQLQLWLDOFRQGLWLRQZKHQWKHVXUIDFHZDVQRWKDUGHQHGE\WUDIILF7KHDVVXPDEOHLQLWLDO
GLVWULEXWLRQIURPZKLFKWKHVKRUWFXWHYROYHGZDVDOVRDQDO\VHGE\ILQLWHHOHPHQWPHWKRG
,QWKHUHVXOWSULQWV)LJDDQGEZHFDQVHHVRPHVWUHVVSHDNVEHWZHHQWKHFDUVZKLFKDUHVWLOODSUREOHPWR
PDQDJH,QDFDVHWKHUHLVHQRXJKSODFHEHWZHHQFDUVDPRYHPHQWLVUHDOLVWLFEXWLQQDUURZJDSVXQGHUFFFPD
PRYHPHQWRISHRSOH LVQRWDVVXPDEOH7KLVEDGHIIHFWRI WKHPRGHO LVVWLOO WREHFRUUHFWHGVR WKDW WKH WKHRU\FDQ
UHVROYHFRUUHFWUHVXOWVIRUVXFKDUUDQJHPHQWV$VPRVWFDUVVWRRGQDUURZWRWKHHQGRIWKHSDUNLQJORWWKLVNHSWSHRSOH
DZD\IURPSDVVLQJE\ 2QWKHRWKHUKDQGWKLVUHVXOWIURPWKHPRGHOUHIOHFWV WKDWLIWKHJDSVZHUHZLGHHQRXJK
SHRSOHZRXOGEHOLNHO\WRXVHLW7KHVDPHLVWUXHIRUWKHFDVHRIHPSW\SDUNLQJSODFHVHVSHFLDOO\WKHILUVWRQH±UHVXOWV
VKRZWKDWSHRSOHZRXOGIHHOFRPIRUWDEOHWRZDONWKHUHEXWDUHNHSWDZD\E\WKHDFWXDOODQGVFDSHDUUDQJHPHQW
$QRWKHU FRQWURYHUV\ZKLFK DSSHDUHG DUHPRYDEOH REVWDFOHV LQ WKH DUHD RI LQWHUHVWZKLFK LQIOXHQFH WKHPRGHO
UHVXOWV 6WDEOH REMHFWV FDQ EH KDQGOHGZKHUHDV IDVW G\QDPLFPRYHPHQWV DUH QRW WKH DUHD RI LQWHUHVW )OXFWXDWLQJ
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